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CARCINOGENIC HYDROCARBONS ON
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ABRAHAM WHITE AND JULIUS WHITE
During the course of a study of the effect of the oral administra-
tion of certain polycydic hydrocarbons on the growth of the rat,7
a paper by Haddow, Scott, and Scott2 appeared which reported that
growth retardation had been produced in the rat by a single intra-
peritoneal injection of certain carcinogenic hydrocarbons. These
authors further observed that similar injections of non-carcinogenic
compounds caused no retardation of growth.
Experiments were initiated with the view of attempting to pro-
duce growth retardation in the manner reported by Haddow, Scott,
and Scott, in order to study the effect of the oral administration of
sulfur-containing amino acids on the inhibited growth rate. More-
over, it was desired to examine carefully the striking claim2 that
differences could be obtained in the growth effects produced by the
intraperitoneal injection of carcinogenic as contrasted to non-
carcinogenic substances.
It is the purpose of this communication to present data on the
effect of single intraperitoneal injections of certain carcinogenic and
non-carcinogenic hydrocarbons on the growth of the rat. The
reported existence of definite differences between the influence of
carcinogenic as contrasted to non-carcinogenic hydrocarbons on the
growth rate of the rat has been demonstrated not to exist provided
an appropriate quantity of each of the various hydrocarbons is
employed. These data, considered together with those obtained in
a study of the growth-inhibitory effect of certain carcinogenic and
non-carcinogenic hydrocarbons,7 suggest that growth inhibition is
related to thetoxicity of an administered substance; this toXIcity may
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of the Yale University School of Medicine and the Hubbard-McCormick Clinical
Cancer Research Fund.YALE JOURNAL OF BIOLOGY AND MEDICINE
have no relation whatsoever to the ability of the substance to induce
malignant growths.
Itis ofinterest to note that Noble3 has recently reported a failure
to observe growth-inhibition in male rats (body weight 150 gm. +
20 gm.) following subcutaneous implantation of 10-mg. pellets of
1: 2: 5: 6-dibenzanthracene, 1: 2-benzpyrene,ormethylcholanthrene.
Experimental
Both maleand femaleratswereused in this study; no differences
were seen between the sexes in the data obtained. The rats at wean-
ing were placed in individual cages, and received a diet composed of
casein* 16, starch 40, lard 24, sucrose 15, cod-liver oil 1, and inor-
ganic saltst 4 per cent. In addition to the diet each animal received
a daily supplement of 400 mg. of dried yeast.: The animals were
allowed to reach a body weight of from 55 to 65 gm., and at this
time weregiven a single intraperitoneal injection of the hydrocarbon
dissolved in 1 cc. of sesame oil. Control animals received an intra-
peritoneal injection of 1 cc. of sesame oil. The rate of growth and
the food consumption of the animals were determined by weighings
twice a week and the experiments were continued for a period of
60 days following the injection.
Results
It was observed that immediately after a single intraperitoneal
injection of a hydrocarbon (carcinogenic or non-carcinogenic), par-
ticularly in large doses, a marked decline in weight occurred; this
was accompanied by a loss in appetite and a limited food intake.
This result could be ascribed to the toxicity of the hydrocarbon; the
toxic symptoms were evident immediately after the injection and
persisted for approximately seven days. Following this period, the
animals would begin to eat normally and resumed growth at a rate
similar to that of the controls. The pertinent data are presented
in Table 1. Inasmuch as the above-mentioned lag period in food
consumption and in growth is induded in the total fqod consumption
and total weight values, the average daily values for the entire
period following the injection are slightly lower for hydrocarbon-
* Casein No. 453, Casein Company of America, Inc.
t Osborne and Mendel salt mixture.4
t Product of the Northwestern Yeast Company.
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TABLE 1
EFFECT OF SINGLE INTRAPERITONAL INJECTIONS OF VARIOUS HYDROCARBONS ON
THE GROWTH OF THE RAT
Number Av. daiy food Av. daily weight
of consumption* clhige
Diet aimals observed "corrected" observed "corrected"
gm. gm. gm. gm.
7.9 3.0
C-16 (controls) .. 8 (4.0-12.5) ........ (2.3-4.7) ........
C-16 + 35 mg. benz- 7.8 8.8 2.6 2.9
pyrenet .... . 4 (5.1-9.9) (7.5-9.9) (1.1-3.6) (2.1-3.6)
C-16 + 40mg.benz- 8.5 8.8 2.5 2.6
pyrene .7 (7.1-9.8) (7.6-9.8) (1.5-3.2) (1.9-3.2)
C-16 + 20 mg. methyl- 8.1 2.8
cholanthrene ......2 (7.8-8.5) ........ (2.5-3.1)
........
C-16+25mg.methyl- 7.9 8.0 2.5 2.9
cholanthrene ......5 (5.6-10.2) (6.0-10.2) (1.2-3.1) (1.5-3.1)
C-16 + 30 mg. methyl- 7.5 7.6 2.5 2.7
cholanthrene ......4 (6.5-8.6) (6.5-8.7) (1.8-3.1) (1.9-3.1)
C-16 + 30 mg. phenan- 8.3 9.4 2.4 2.8
threne ... 7 (3.3-10.1) (8.7-10.1) (0.8-3.1) (2.3-3.1)
C-16 + 40 mg. phenan- 8.6 8.9 2.8 2.9
threne ... ... 6 (7.0-9.9) (7.9-9.9) (2.1-3.6) - (2.3-3.6)
C-16 + 70 mg. 8.2 8.4 2.8 2.9
pyrene ... 10 (7.6-9.1) (7.8-9.1) (1.9-3.4) (2.3-3.4)
* The observed values are averages obtained for the entire 60-day periods follow-
ing the hydrocarbon injections. The so-called "corrected" values are averages
obtained with the omission of a 7-day period following injections, during which
time the toxicity of the administered compound caused an immediate and temporary
loss in weight and appetite in the animals. This "lag" period is omitted from
the "corrected" averages, and the latter thus represent growth and food consump-
tion for a 53-day period. The figures in parentheses under each average value
indicate the ranges observed.
t The hydrocarbons ulsed in this study were obtained from the following
sources; benzpyrene, Hoffman-LaRoche, Inc.; methylcholanthrene and phenan-
threne, Eastman Kodak Co.; pyrene, kindly supplied by Dr. L. F. Fieser of Harvard
University.
injected animals than for the controls. The influence of the lag
period is dearly shown when the average daily weight gains are
calculated with the omission of the seven-day period immediately
following the injection. These data are also presented in Table 1
and are called "corrected" values.YALE JOURNAL OF BIOLOGY AND MEDICINE
The data which have been obtained in the present study with
rats are similar to those obtained by Andervont' with mice. This
investigator gave single, intraperitoneal injections of 2 mg. of
methylcholanthrene in 0.25 cc. of olive-oil to mice of the C3H strain
(highly susceptible to the carcinogenic action of subcutaneously
administered methylcholanthrene) and to mice of the I and of the Y
strains (highly resistant to the carcinogenic action of subcutane-
ously administered methylcholanthrene). Control animals received
0.25 cc. of olive-oil alone. Andervont observed a delay of weight
increase of the experimental animals for approximately ten days;
following this period normal growth was resumed. Six weeks after
the injections the animals receiving the methylcholanthrene weighed
the same as the control mice.
In previous experiments from this Laboratory7 it was demon-
strated that in order to produce growth retardation by oral adminis-
tration of certain hydrocarbons, a larger quantity of the non-carcino-
genic hydrocarbons was required than of the carcinogenic compounds
used. It was pointed out that the amount of a particular compound
necessary to inhibit growth will depend on the substance itself and
mayvary widely from one compound to another. The experiments
reported in the present communication indicate that it was necessary
to inject relatively larger quantities of the non-carcinogens to pro-
duce a growth-inhibitory effect comparable to that observed when
carcinogens were employed. Whether this difference in degree of
toxicity between carcinogenic and non-carcinogenic compounds is
related to the tumor-producing effects of the former is not known,
but, in view of other data, this does not appear likely. Previous
studies have demonstrated that the toxicity of various compounds,
as evidenced by their growth-inhibitory capacities, may vary widely.
Thus, whereas 100 mg. of iodoacetic acid added to 100 gm. of basal
diet will, under suitable conditions, markedly retard the growth of
the young rat,5 as much as 900 mg. of bromobenzene are required
per 100 mg. of the basal diet to produce a similar effect under iden-
tical experimental conditions.6 Neither of these substances has as
yet been reported to be carcinogenic. It may be conduded, there-
fore, that differences in growth rates observed following the injec-
tion of identical quantities of carcinogenic and non-carcinogenic sub-
stances may be attributed to the relative toxicity of the compounds
studied and are not necessarily concerned with ability to induce
malignant growth. Inasmuch as the amounts of non-carcinogenic
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substances required to inhibit growth' are frequently similar to those
quantities of carcinogenic hydrocarbons required to produce an
equally significant growth-inhibitory action,7 it seems inadvisable at
present to suggest distinctions between the effects of carcinogenic, as
contrasted to non-carcinogenic, substances on growth rates of experi-
mental animals.
Summary
Rats given a single, intraperitoneal injection of varying amounts
of methylcholanthrene, benzpyrene, pyrene, or phenanthrene show
a retardation of growth, accompanied by a loss of appetite, for
approximately seven days following the injection.
Immediately following this period, the growth rate and food
consumption become approximately normal.
No differences are observed between the growth effects produced
by the injection of a carcinogenic as contrasted to a non-carcinogenic
hydrocarbon, provided doses of suitable magnitude are chosen.
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